This study was conducted to improve salt and drought tolerance of date palm tissue cultures based on the cross tolerance phenomenon. Embryogenic cultures were cryopreserved for two weeks after exposing to vitrification solution. Survival cultures were exposed to osmotic stress stimulated by mannitol and polyethylene glycol (PEG) and salinity stress induced by salt mixture (NaCl, MgCl and CaCl2). Growth parameters represented as survival, fresh mass and osmotic tolerance ratio decreased as mannitol or PEG increased in culture medium. Osmotic tolerance of cryopreserved cultures grown on mannitol or PEG containing medium were evidently better than those of non-cryopreserved cultures. However, cultures were suffering on PEG more than mannitol as osmotic agent. In concern of salinity, hundred percent of survival was recorded on 1500 ppm of salt mixture. Moreover, the highest values of fresh mass and salt tolerance ratio were registered when cryoprserved cultures were exposed to 1500 ppm of salt mixture. Reduction in survival percentages of both cryopreserved and non-crypreserved cultures in response to increasing salt level were observed starting of 3000 ppm. Cryoprservation slightly improved survival and salt tolerance of embryogenic cultures. Otherwise, there was a positive correlation between the two types of stresses and protein content. Generally, embryogenic cultures of date palm subjected to cryopreservation had higher total protein contents than that noncryoprseved at all stresses levels. Accumulation of protein in PEG treated cultures was higher in comparison to salt stressed or mannitol treated cultures. The obtained data suggest that cryopreservation could improve osmotic and salt tolerance in date palm tissue cultures.
Introduction
Abiotic stresses such as salinity, drought, nutrient deficiency or toxicity, and flooding limit crop productivity world-wide. It is generally believed that abiotic stresses are considered to be the main source of yield reduction (Boyer, 1982; Rehman et al., 2005) . Generally, salt and drought induced reduction in leaf water potential causes reduction in cell turgidity resulting in growth retardation. In this respect, photosynthesis, one of the vital plant processes, decreases due to salt-induced destruction of photosynthesizing tissues, reduced water potential and high accumulation of Na+ and Cl- (Ashraf et al., 2008) .The basic cause of salinity hazards is enhanced ion toxicity causing impaired sequestering of sodium ions into the vacuoles. The increased ionic concentration of the soil solution decreases the osmotic potential of the soil creating severe water stress derailing the uptake process. This can create imbalance in the absorption process of other minerals (Parida and Das, 2005) . Plants exhibit a variety of responses to abiotic stresses that enable them to tolerate and survive adverse conditions. Plants have evolved mechanisms by which to increase their tolerance of these through both physical adaptations and interactive molecular and cellular changes that begin after the onset of stress. Although mechanism of drought tolerance is poorly understood, osmotic adjustment is considered to be associated with dehydration tolerance. It was reported that, osmotic adjustment is the accumulation of organic or inorganic solutes in response to water stress thereby maintaining tissue turgor potential (Athar and Ashraf, 2009) .
The date palm (Phoenix dactylifera L.), is one of the most economically important fruit tree grown in the Middle East and North-Africa. The tree has retained its value for the dwellers of the desert because of its adaptive characteristics to the environment and the wide range of its socioeconomically benefits. Although date palm tolerates high levels of salinity and it is more drought tolerant than any other fruit crop, its growth and yield productivity are affected in the arid regions by drought and saline water. Moreover, fruit quality and yield are significantly affected by soil salinity and water status (Iqbal et al., 2004; Al-Saikhan, 2008; Marzouk and Kassem, 2011) . Therefore, enhancement of drought and salinity tolerance in commercially cultivated date palm cultivars is urgently in demand. In this respect, genetic improvement of date palm by conventional breeding has been faced with certain limitations. In view of the fact that date palm is a perennial and highly heterozygous and to the long generation period, its traditional breeding is very slow and not effective process. So, innovative methods are needed to rapidly enhancement of drought and salt tolerance in date palm cultivars.
Plant tissue culture techniques provide offers tremendous support to breeding programs. In vitro culture constitutes a valid system for the study of the response of the plant to conditions of drought and salinity and for the isolation and the selection of tolerant lines. Otherwise, tissue culture allows the control of stress homogeneity and the characterization of cell behavior under stress conditions, independent of the regulatory systems present at the whole plant level (Lutts et al., 2004) . Likewise, studies on in vitro screening for obtaining salinity or drought tolerant lines might help in elucidating the genetic and physiological aspects of tolerance, and possibly the recovery of the acquired trait in the regenerates. It is notable that, salt and osmotic stresses effects in plant cell and tissue culture studies can be investigated by using either ionic and penetrating (e. g., NaCl and KCl), non-ionic and penetrating (e. g., mannitoland sorbitol) or non-ionic and non-penetrating (e. g., polyethylene glycol (PEG)) stress agents (Aqueel Ahmad et al., 2007) . In this respect, salt and drought tolerance of date palm tissue cultures was investigated by several authors (Al-Khayri, 2002; Rizkallah et al., 2007; Al-Bahrany and Al-Khayri, 2102) . On the other hand, numerous studies have shown that cold temperatures induce the accumulation of metabolites, including low-molecular-weight carbohydrates, amino acids and polyamimes (Taji et al., 2002; Cook et al., 2004 , Kovács et al., 2011 . These metabolites play important protective roles in freezing tolerance in whole plants. Moreover, storage at ultra-low temperature increases phenolic production and their subsequent incorporation into the cell wall either as suberin or lignin (Griffith and Yaish, 2004) . Furthermore, the phenomenon of cross tolerance has also gained the attention of researchers in recent years. The tolerance of plants to adapt/acclimate to a range of different stresses after exposure to one specific stress is referred to as cross tolerance (Pastori and Foyer, 2000; Alexieva et al., 2003) . Accumulating evidence suggest that cold acclimation is associated with complex biochemical and physiological changes, including protection and stabilization of cellular membranes, enhancement of antioxidant enzymes and higher contents of antioxidants and synthesis and accumulation of cryoprotectant solutes in conjunction with dehydrin proteins, cold-regulated proteins (CORs) and heat shock proteins (HSPs) (Streb and Feierabend, 1999; Streb et al., 2008; . Considering the above facts, the present study was undertaken to investigate the effect of cryopreservation (ultra-low temperature) on osmotic and salt tolerance in date palm tissue cultures.
Materials and Methods

Establishment of embryogenic cultures
Offshoots of female date palm cv. Sakkoty were used as plant materials. Leaves were gradually removed and shoot apices 5 cm in length were taken and kept in antioxidant solution (100 mg/l ascorbic acid + 150 mg/l citric acid). Explants were then sterilized using 70 % ethanol for 1 min and 2.6 % sodium hypochlorite for 20 min and rinsed three times with sterile distilled water. Shoot tips trimmed to about 1 cm were excised with part of meristematic tissues and aseptically cultured on Murashige and Skoog (1962) (MS) medium supplemented with 2 mg/l dimethyl-aminopurine (2 iP) + 1 mg/ l naphthalene acetic acid (NAA). Cultures were then incubated in darkness and re-cultured on the same fresh medium every four weeks. After five months, white nodular cultures were transferred onto MS medium supplemented with 10 mg/ l 2,4-dichlorophenoxyacetic acid (2, 4-D) + 3 mg/l 2iP for induction of embryogenic cultures.
Cryopreservation
Embryogenic cultures were exposed to vitrification solution [22 % (w/v) glycerol, 15 % (w/v) ethylene glycol, 15 % (w/v) propylene glycol and 7 % (w/v) dimethyl sulfoxide (DMSO)] for one hour. Then the cultures were pre-cultures on medium contained 1 M sucrose (as a non-penetrating osmotically active additive) to induce extra osmotic cryoprotection. The cultures were incubated at 27°C ±2 in complete darkness for 7 days. At the end of incubation period, explants were placed in open Petri dishes and then directed to renew sterile air in the laminar air flow for two hours to desiccate the explants before placing them in cryotubes for cryopreservation process in liquid nitrogen. The cryotubes (contained date palm cultures) were kept at 0 <C for 2 hr and then they were plunged directly into liquid nitrogen (-196°C) for two weeks. For recovery, the cultures were rapidly thawed in warm water bath (37°C) and then inoculated on re-growth medium. Four weeks after inoculation, survival was observed by examining the colors of cultures: the green and white ones had survived; the brown ones had died. The healthy cultures were used for osmotic and salt stress experiments.
Osmotic stress induced by mannitol and polyethylene glycol (PEG)
To evaluate behavior of embryogenic cultures of date palm under osmotic stress, equal pieces (250 mg) were cultured on MS medium contained 10 mg/ l 2, 4-D + 3 mg/l 2iP supplemented different levels (20, 40 and 60 mM and 5,10, 15 % ) of mannitol and PEG (MW 8000) respectively. Survival percentages, fresh mass and osmotic tolerance ratio were recorded after five weeks of culturing. In addition, the total protein content was determined.
Fresh mass on osmotic medium * Osmotic tolerance ratio ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ = Fresh mass on osmotic-free medium Salinity stress induced by salt mixture To characterize growth in response to salt tress, equal inoculms (250 mg) of embryogenis cultures of date palm were cultured on MS medium contained 10 mg/ l 2, 4-D + 3 mg/l 2iP supplemented with, 1500, 3000 and 4500 and 6000 ppm of salt mixture [3 NaCl:1(3 MgCl :1 CaCl 2 )] described by Ibrahim and El-Kobbia (1986) . After five weeks of culturing, survival percentages, fresh mass and salt tolerance ratio in addition to the total protein content were calculated. Total protein content was also determined.
Fresh mass on salt medium *Salt tolerance ratio = ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ Fresh mass on salt-free medium
Culture conditions and statistical analysis
Culture media were solidified with 0.7 % agar, amended with 30 g/l sucrose and adjusted to pH 5.8 before autoclaving at 126 ºC and 1.5 Ib/M 2 for 20 min. Cultures were incubated in growth chamber at 25± 2ºC under 16 hr light (2000 Lux) and 8 hr dark. Experiments were designed in completely randomized design and data were statistically analyzed using standard error (SE) (Snedecor and Cochran, 1967) .
Determination of total protein
Fresh samples of date palm embryogenic cultures exposed to different treatments of osmotic and salinity stresses were homogenized in sodium phosphate buffer (pH 6.8) and centrifuged at 1400 xg for 10 min. Then, total soluble proteins were assayed in the supernatant according to the method of Bradford (1976) .
Results and Discussion Effect of mannitol on growth and osmotic tolerance
Various physiological and biochemical selection criteria for drought tolerance are being employed to select drought tolerant plants, such as shoot fresh and dry weight, and accumulation of compatible solutes. In the present study, survival, fresh mass and osmotic tolerance ratio of both cryopreserved and non-cryopreserved embryogenic cultures of date palm grown on medium contained three levels of mannitol were investigate. Data presented in Table ( 1) show that the growth performances of cryopreserved cultures on mannitol containing medium were evidently better than those of non-cryopreserved cultures. The reduction of survival, and fresh mass of cryoprserved cultures on high levels of mannitol was less than in noncryopreserved cultures. At 40 mM manitol, the cryopreserved cultures registered 90 % of survival. Moreover, cryopreservation reveals positive effect on fresh mass of embryogenic cultures of date palm grown on mannitol containing medium. Also, cryoprserved cultures showed high values of osmotic tolerance ratio at all mannitol levels comapared with non-cryopreserved cultures. The highest value of osmotic tolerance (0.90) was recorded when the cryopreserved cultures exposed to 20 mM mannitol (Table 1 and Fig. 1) .
Numerous studies have shown that cold temperatures induce the accumulation of metabolites (Streb, and Feierabend, 1999; Gómez et al., 2004; . These metabolites play important protective roles in freezing tolerance. Our findings reveal that cryopreservation enhanced osmotic stress tolerance of embryogenic cultures of date palm cv. Sakkoty induced by mannitol. This may be due to treatment with sucrose before plunging into ultra-low temperature storage or accumulation of some osmolytes during cryopreservation. In many plants, changes in the environments induce tolerance to extreme conditions and to other stresses. In this respect, sucrose, mannitol or sorbitol was studied by Shibli et al. (1992) as osmotic stress agents on in vitro-grown Chrysanthemum morifolium. Sucrose failed to elicit consistent osmotic stress symptoms and enhanced both shoots and root growth. The osmotic potential of the tissue paralleled the increase of mannitol or sorbitol concentrations on culture medium. The harmful effect of the osmotic stress agent occurred in both shoot proliferation and rooting stages. Otherwise, Sorghum bicolor was tested in vitro for drought stress by Duncan et al. (1995) . Results showed that osmotic stress applied to in vitro cultures reduced regeneration ability. However, few studies were conducted to gain an understanding of the behavior of date palm tissue cultures under stress induced by drought (Al-Khayri and Al-Bahrany, 2004; Helaly et al., 2011). 
Effect of PEG on growth and osmotic tolerance
Polyethylene glycol (PEG) stimulates water stress in cultured plant cells in the same way it does in the cells of intact plants. In this study, five weeks after PEG treatment, survival percentages, fresh mass and osmotic tolerance ratio of both cryopreserved and non-cryopreserved embryogenic cultures of date palm were measured. According to the data of Table ( 2), survival of date palm embryogenic cultures was negative affected by PEG levels. However, survival percentages of cryopreserved cultures were higher than those of non-cryopreserved cultures. Otherwise, data show the changes in fresh mass in response to PEG. The exposure to osmotic stress induced by PEG generally resulted in reduction in fresh mass as compared to the control. It is clear that cryopreservation significantly improved osmotic tolerance induced by PEG and the noncryopreserved cultures were more suffering compared with cryoprserved cultures. The highest osmotic tolerance ratio (0.82) was obtained on cryopreserved cultures treated with 5 % PEG (Table 2 and Fig. 2) . PEG has been long used to simulate drought stress in plants as non-penetrating osmotic agent lowering the water potential in a way similar to soil drying (Bressan et al., 1981) . Dehydration induced by PEG reduces the availability of water and thus turgidity and growth. Results of the present study indicates that exposing embryogenic cultures of date palm (cv Sakkoty) to ultra-low temperature (cryopreservation) obviously, improved their tolerance to osmotic stress stimulated by PEG. The effect of water stress induced by PEG on callus cultures of date palm was examined by Al-Ka'aby and Abdul-Qadir (2011). Their results indicated that PEG at 10% caused a significant increase in embryogenic callus fresh weight. They added, this result may due to the ability of shoot tips and primary callus cells to accumulate small molecule compounds known as compatible solutes in their cells as a way of tolerating stresses such as drought. In a number of plant species, researchers have observed inhibitory effect of PEG on growth and proliferation of callus expressed in fresh weight (Bornman and Huber, 1979; Santos-Diaz and Ochoa-Alejo, 1994) . However, phenomenon of cross tolerance i.e., exposure of tissue to a one stress that induces resistance to another stress was reported by Genoud and Metraux (1999) . In this regard, it was stated that cold acclimation results in accumulation of some cryoprotectants including polyamines that protect the intracellular proteins by inducing the genes encoding molecular chaperones (Guy and Li, 1998) . These modifications help the plant to withstand and surpass the severe dehydration associated drought stress.
Effect of salinity on growth and salt tolerance
Fresh weight and dry weight are often measured to reveal the growth of plants and cells in response to saline environment. In this study, the effect of different concentrations of salt mixture on survival, fresh mass and salt tolerance ratio of cryopreserved and non-cryopreserved of date palm embryogenic cultures was examined. Hundred percent of survival was recorded on both 1500 ppm salt mixture and salt free-medium (Table 3) . Decreasing in survival percentages of both the two types of storage in response to increasing concentrations of salt mixture was observed starting of 3000 ppm of salt mixture. Moreover, reduction of survival of cryopreserved embryogenic cultures of date palm at the high levels of salinity was less than those of non-cryopreserved culture. The highest values of fresh mass (3.10 g) and salt tolerance ratio (1.19) were observed at 1500 ppm of salts. The cryopreserved embryogenic cultures of date palm were more tolerant to salinity compared with the non-cryopreserved cultures. This tolerance was appeared from data of survival, fresh mass and tolerance ratio (Table 3 and Fig. 3) .
Our finding reveals that salinity induced changes in survival and fresh mass of embrypgenic cultures of date palm (cv Sakkoty). Reduction in the growth parameters of both the two types of storage cultures i.e., cryopreserved and noncryoprserved in response to increasing salt mixture was observed starting of 3000 ppm. It was found that the cryopreserved embryogenic cultures were more tolerant to salinity compared with the non-cryopresrved cultures. Previous studies related to date palm response to in vitro salt stress focused on sodium chloride (NaCl). These studies have shown that NaCl can exert an influence on callus growth depending on concentration. Al-Khayri (2002) noticed a positive effect on the proliferation of shoot tip-derived callus in response at low level of NaCl, but higher concentrations were inhibitory. Similarly, Al-Mansoori and Eldeen (2007) reported that NaCl retarded growth of callus derived from zygotic immature embryos and complete inhibition occurred when 3.0% NaCl was incorporated into the induction medium. Also, the effect of different concentrations of NaCl on callus growth of date palm was studied (Bojule, 2007) . The results indicated that high negative effect on callus growth was observed at 300 mM compared to 100 mM which showed less negative effect. As reported by Al-Bahrany and Al-Khayri (2102) the exposure of date palm callus cultures to salt stress resulted in reduction in dry weight as compared to the control. They added sodium chloride caused the highest reduction in dry weight followed by KC1 then CaCl 2 . There is little information on the relationship between occurrences of cross tolerance of date palm for salt stress after cold-shock. Figure3. Cryopreserved embryogenic cultures of date palm (cv.Sakkoty) after five weeks of culturing on medium contained 1500 (A), 3000 (B), 4500 (C) and 6000 ppm (D) of salt mixture.
Effect of osmotic and salt stresses on protein accumulation
In this investigation, protein contents of cryopreserved and non-cryopreserved date palm embryogenic cultures affected by osmotic stress induced by mannitol and (PEG) and salinity stresses were determined. As shown in Table (4) , protein accumulation increased in response to increasing mannitol in culture medium. The highest values of protein content was recorded when culture medium was amended with 20 mM mannitol. At this level of mannitol, cryopreserved embryogenic cultures of date palm was contained higher amount of protein (8.0 mg/g FW) compared with non-cryopreserved cultures (7.0 mg/g FW). On medium contained 60 mM of mannitol, protein content was little higher than control (mannitol-free medium). Likewise, protein content of both two types of cultures took same trend with osmotic stress induced by PEG. It is important here to mention that, protein accumulation was higher when culture medium was supplemented with PEG comparing with mannitol (Table 4) . Otherwise, increasing of salinity resulted in increasing of total proteins in both cryopreserved and noncryopreserved cultures. At 1500 ppm of salt mixture, cryopreserved and non-cryopreserved cultures showed maximum amount of protein (10.5 and 8.0 mg/g FW, respectively). Protein content of cryopreserved cultures was higher comparing with noncryopreserved cultures at all salt concentrations. Results also, revealed that there is positive correlation between protein content and both osmotic and salt tolerance ratios.
Osmotic adjustment through the accumulation of cellular solutes has been suggested as one of the possible means for overcoming osmotic and salt stresses. Our findings indicated that increasing mannitol in cultures medium caused moderate increasing in the protein content. However, sharp increasing of protein content was observed with osmotic stress stimulated by PEG or salinity stress. This is evident from existence of considerable overlap among plant responses to salinity, drought and low temperature stresses. In this respect, a higher content of soluble proteins has also been reported in salt tolerant cultivars of barley, sunflower, rice and finger millet under salt stress condition (Hurkman et al., 1989; Uma et al., 1995) . On the other hand, in a study on effects of drought stress on soluble proteins in two Maize varieties Mohammad Khani and Heidari (2008) reported that by decreasing water potentials, total soluble protein content first increased, and then decreased in the roots and leaves of both varieties. In contrast, Ashraf and Oleary (1999) reported that stress condition is not always associated with a balance increasing of protein content of the cells. Jasim et al. (2010) found that an increase of NaCl concentrations in the medium led to a decrease of total soluble carbohydrates and proteins content. In concern of phenomenon of cross tolerance, Munir and Aftab (2009) mentioned that PEG pretreatment enhanced the biosynthesis of soluble protein contents. Furthermore, changes in protein expression, accumulation, and synthesis have been observed in many plant species as a result of plant exposure to drought stress during growth (Chen and Tabaeizadeh, 1992; Cheng et al., 1993) . In addition, low temperatures induce a number of alterations in cellular components, including changes in protein and carbohydrate composition (Knight et al., 1996) Protein content (mg/g FW)
